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(54) Compensation for magnetic field drift in MRI 

(57) In order to compensate for magnetic field drift 
and shorten the overall scanning time, total number of 
pulse sequences of data acquisition for magnetic field 
drift compensation Md is less than the repetitive number 



of imaging data acquisition pulse sequences Im, and a 
pulse sequence of data acquisition for magnetic field 
drift compensation Md is inserted between imaging data 
acquisition pulse sequences Im. 
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Description 

[0001] The present invention relates to a data acqui- 
sition method of compensation for magnetic field drift, a 
method of compensation for magnetic field drift, and an 
MRI (magnetic resonance imaging) apparatus, and 
more particularly to a data acquisition method of com- 
pensation for magnetic field drift, a method of compen- 
sation for magnetic field drift, and an MRI apparatus, al- 
lowing improvement of the image quality by compensat- 
ing for the magnetic field drift and reduction of overall 
scanning time. 

[0002] In the method of compensation for magnetic 
field drift in an MRI apparatus, disclosed in the Japanese 
Unexamined Patent Publication No. H1-141656, data 
for magnetic field drift compensation is gathered for 
each view of imaging data to be acquired, and based on 
thus gathered data for magnetic field drift compensation 
the current flowing through the primary field coil may be 
adjusted in order to compensate for the magnetic field 
drifting. 

[0003] In the magnetic field drift compensation ac- 
cording to the Prior Art technique above, magnetic field 
drift will be compensated for by measuring the magnetic 
field drift during gathering data for imaging. This tech- 
nique allows compensation to be improved more accu- 
rately than gathering independent data for magnetic 
field drift compensation separated apart from data gath- 
ered for imaging. 

[0004] There is however a drawback that the repeti- 
tion timeTR becomes longer, because the repetitive uni- 
ty of pulse sequences includes a pulse sequence for 
gathering the imaging data, plus a pulse sequence for 
gathering data for compensation for magnetic field drift. 
Thus, when the desired contrast of image changes, the 
scanning time as whole will be longer. 
[0005] Therefore, the object of the present invention 
is to provide a data acquisition method for magnetic field 
drift compensation, a method of magnetic field drift com- 
pensation, and an MRI apparatus, allowing improve- 
ment of the image quality by compensating for the mag- 
netic field drift and reduction of overall scanning time. 
[0006] In accordance with a first aspect of the present 
invention, a data acquisition method of magnetic field 
drift compensation is provided, characterized by N > M 
> 2, where: N is the number of repetition of pulse se- 
quences for gathering imaging data, M is the total 
number of repetition of pulse sequences for gathering 
data for magnetic field compensation; and acquiring da- 
ta for magnetic field compensation by interposing at 
least one or more pulse sequences for gathering data 
for magnetic field drift compensation between two pulse 
sequences for gathering imaging data. 
[0007] In the data acquisition method of magnetic field 
drift compensation in accordance with the first aspect 
as have been mentioned above, the total number of 
pulse sequences for gathering data for magnetic field 
drift compensation, M, will be smallerthan the repetition 



of pulse sequences for gathering imaging data, N, and 
a pulse sequence for gathering data for magnetic field 
drift compensation will be inserted between pulse se- 
quences for gathering imaging data. For instance, When 

5 N = 256, then M = 1 28, one pulse sequence for gathering 
data for magnetic field drift compensation will be insert- 
ed between two pulse sequences for gathering imaging 
data. In this manner, the magnetic field drift can be 
measured during imaging data acquisition, so that the 

10 compensation accuracy will be improved, when com- 
pared with independent data acquisition of compensa- 
tion for magnetic field drift separately. In addition, overall 
scanning time required may be shorter than adding a 
pulse sequence for gathering compensation data for 

*s magnetic field drift to each pulse sequence for gathering 
imaging data. 

[0008] In accordance with a second aspect of the 
present invention, in the data acquisition method of 
magnetic field drift compensation of the arrangement 

20 described above, a method is provided, characterized 
in that the integral of gradient field in the imaging data 
acquisition pulse sequence will be equal to the integral 
of gradient field in the pulse sequence for data acquisi- 
tion of compensation for drift in magnetic field, for each 

25 of axis in order to hold the steady state of spins. 

[0009] In the data acquisition method of magnetic field 
drift compensation in accordance with the second as- 
pect as have been described above, the integration of 
gradient field in the imaging data acquisition pulse se- 

30 quence will be equal to the integration of gradient field 
in the pulse sequence for data acquisition of compen- 
sation for drift in magnetic field, such that the gradient 
field of the pulse sequences for data acquisition of com- 
pensation for drift in magnetic field, when inserted be- 

35 tween the imaging data acquisition pulse sequences, 
will not affect to the imaging data acquisition pulse se- 
quence. 

[001 0] In accordance with a third aspect of the present 
invention, in the data acquisition method of magnetic 

40 field drift compensation of the arrangement described 
above, a method is provided, characterized in that the 
imaging data acquisition pulse sequences are pulse se- 
quences of the gradient echo method having read gra- 
dient for convergence of gradient echo, and the data ac- 

45 quisition pulse sequences of magnetic field drift com- 
pensation are pulse sequences without read gradient 
and phased gradient for convergence of gradient echo 
during imaging data acquisition pulse sequences. 
[001 1 ] In the data acquisition method of magnetic field 

so drift compensation in accordance with the third aspect 
as have been described above, compensation data for 
magnetic field drift can be acquired, in a manner prefer- 
able to the imaging data acquisition by pulse sequences 
of the gradient echo method. 

55 [0012] In accordance with a fourth aspect of the 
present invention, in the data acquisition method of 
magnetic field drift compensation of the arrangement 
described above, a method is provided, characterized 
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in that the pulse sequences for acquiring imaging data 
are pulse sequences by the spin echo method having 
diffused read gradient between a 90 ° RF pulse and a 
180 ° RF pulse, and the pulse sequences for acquiring 
compensation data for magnetic field drift are pulse se- 
quences without diffuse read gradient in the imaging da- 
ta acquisition pulse sequences, and corresponding read 
gradient and phase gradient after 180 0 RF pulses. 
[0013] In the data acquisition method of magnetic field 
drift compensation in accordance with the fourth aspect 
as have been described above, compensation data for 
magnetic field drift can be acquired, in a manner prefer- 
able to the acquisition of imaging data by the pulse se- 
quences of the spinning echo method. 
[001 4] In accordance with a fifth aspect of the present 
invention, in the data acquisition method of magnetic 
field drift compensation of the arrangement described 
above, a method is provided, characterized in that the 
pulse sequences for acquiring imaging data are pulse 
sequences of high-speed spinning echo method, having 
diffuse read gradient between a 90 0 RF pulse and a 1 80 
° RF pulse, and between a 180 0 RF pulse and another 
1 80 0 RF pulse, the pulse sequences for acquiring mag- 
netic field drift compensation data are pulse sequences 
without diffuse read gradient in the imaging data acqui- 
sition pulse sequence, and corresponding read gradient 
and phase gradient after a 1 80 ° RF pulse. 
[0015] In the data acquisition method of magnetic field 
drift compensation in accordance with the fifth aspect 
as have been described above, compensation data for 
magnetic field drift can be acquired, in a manner prefer- 
able to the imaging data acquisition by pulse sequences 
of the high-speed spinning echo method (the multi-echo 
method also). 

[0016] In accordance with a sixth aspect of the 
present invention, a method is provided, characterized 
by the step of adjusting the current of primary field coil 
based on the compensation data for magnetic field drift 
gathered in accordance with the data acquisition meth- 
od of magnetic field drift of the arrangement described 
above. 

[0017] In the method of compensation for magnetic 
field drift in accordance with the sixth aspect of the 
present invention, the current flowing through the prima- 
ry field coil is adjusted so as to compensate for the mag- 
netic field drift to improve the image quality. 
[0018] In accordance with a seventh aspect of the 
present invention, a method of compensation for mag- 
netic field drift is provided, characterized by the step of 
adjusting the transmission frequency based on the com- 
pensation data for magnetic field drift gathered in ac- 
cordance with the data acquisition method of compen- 
sation for magnetic field drift of the arrangement as de- 
scribed above. 

[0019] In the method of compensating for magnetic 
field drift in accordance with the seventh aspect of the 
present invention, the transmission frequency is adjust- 
ed so as to compensate for magnetic field drift to im- 



prove the image quality. 

[0020] In accordance with an eighth aspect of the 
present invention, a method of compensation for mag- 
netic field drift is provided, characterized by the step of 
s adjusting the transmission frequency and reception fre- 
quency based on the compensation data for magnetic 
field drift gathered in accordance with the data acquisi- 
tion method of compensation for magnetic field drift of 
the arrangement as have been described above. 
[0021 ] In the eighth aspect of the compensation meth- 
od of magnetic field drift, the transmission frequency 
and reception frequency are adjusted so as to compen- 
sating for magnetic field drift to improve the image qual- 
ity. 

[0022] In accordance with a ninth aspect of the 
present invention, a method of compensation for mag- 
netic field drift is provided, characterized by the step of 
adjusting the phase of transmission or the phase of re- 
ception based on the compensation data for magnetic 
field drift gathered in accordance with the data acquisi- 
tion method of compensation for magnetic field drift of 
the arrangement as have been described above. 
[0023] In the ninth aspect of the compensation meth- 
od of magnetic field drift, either the phase of transmis- 
sion or the phase of reception may be adjusted so as to 
compensate for magnetic field drift to improve the image 
quality. 

[0024] In accordance with a tenth aspect of the 
present invention, a method of compensation for mag- 
netic field drift is provided, characterized by the step of 
carrying out phase compensating operation on the im- 
aging data, based on the compensation data for mag- 
netic field drift gathered by the data acquisition method 
of compensation for magnetic field drift of the arrange- 
ment as have been described above. 
[0025] In the tenth aspect of the compensation meth- 
od of magnetic field drift, the phase compensating op- 
eration will be performed on the imaging data so as to 
compensate for magnetic field driftto improve the image 
quality. 

[0026] In accordance with an eleventh aspect of the 
present invention, an MRI apparatus is provided, char- 
acterized by comprising: an RF pulse transmitter 
means, a gradient pulse applicator means, an NMR sig- 
nal receiver means, a means for controlling imaging da- 
ta acquisition for acquiring imaging data by controlling 
each of the means, and a means for controlling com- 
pensation data acquisition for magnetic field drift for ac- 
quiring magnetic field drift compensation data by con- 
trolling each of the means, wherein the means for con- 
trolling compensation data acquisition for magnetic field 
drift is characterized by N > M > 2, where: N is the 
number of repetition of pulse sequences for gathering 
imaging data, M is the total number of repetition of pulse 
sequences for gathering data for magnetic field com- 
pensation; and acquiring data for magnetic field com- 
pensation by interposing at least one or more pulse se- 
quences for gathering data for magnetic field drift com- 
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pensation between two pulse sequences for gathering 
imaging data. 

[0027] In the MRI apparatus in accordance with the 
eleventh aspect of the present invention, the data ac- 
quisition method for compensating for magnetic field 5 
drift in accordance with the aforementioned first aspect 
of the present invention may be preferably implement- 
ed. 

[0028] In accordance with a twelfth aspect of the 
present invention, an MRI apparatus is provided, char- 
acterized in that in the means for controlling compensa- 
tion data acquisition for magnetic field drift in the MRI 
apparatus of the arrangement as above, the integration 
of gradient field in the imaging data acquisition pulse 
sequence may be equal to the integration of gradient 
field in the pulse sequence for data acquisition of com- 
pensation for drift in magnetic field. 
[0029] In the MRI apparatus in accordance with the 
twelfth aspect of the present invention, data acquisition 
method of compensating for magnetic field drift in ac- 
cordance with the second aspect as have been de- 
scribed above may be preferably implemented. 
[0030] In accordance with a thirteenth aspect of the 
present invention, an MRI apparatus is provided, char- 
acterized in that in the MRI apparatus of the arrange- 
ment as have been described above, the imaging data 
acquisition pulse sequences may be pulse sequences 
of the gradient echo method havjng read gradient for 
convergence of gradient echo, and the data acquisition 
pulse sequences of magnetic field drift compensation 
may be pulse sequences without read gradient and 
phased gradient for convergence of gradient echo dur- 
ing imaging data acquisition pulse sequences. 
[0031] In the MRI apparatus in accordance with the 
thirteenth aspect of the present invention, data acquisi- 
tion method of compensating for magnetic field drift in 
accordance with the third aspect as have been de- 
scribed above may be preferably implemented. 
[0032] In accordance with a fourteenth aspect of the 
present invention, an MRI apparatus is provided, char- 
acterized in that in the MRI apparatus of the arrange- 
ment as have been described above, the pulse se- 
quences for acquiring imaging data are pulse sequenc- 
es by the spin echo method having diffused read gradi- 
ent between a 90 ° RF pulse and a 180 ° RF pulse, and 
the pulse sequences for acquiring compensation data 
for magnetic field drift are pulse sequences without dif- 
fuse read gradient in the imaging data acquisition pulse 
sequences, and corresponding read gradient and phase 
gradient after 1 80 ° RF pulses. 
[0033] In the MRI apparatus in accordance with the 
fourteenth aspect of the present invention, data acqui- 
sition method of magnetic field drift compensation in ac- 
cordance with the fourth aspect of the present invention 
as have been described above may be preferably im- 
plemented. 

[0034] In accordance with a fifteenth aspect of the 
present invention, an MRI apparatus is provided, char- 



acterized in that, in the MRI apparatus of the arrange- 
ment as have been described above, the pulse se- 
quences for acquiring imaging data are pulse sequenc- 
es of high-speed spinning echo method, having diffuse 
read gradient between a 90 0 RF pulse and a 1 80 0 RF 
pulse, and between a 180 ° RF pulse and another 1 80 
0 RF pulse, the pulse sequences for acquiring magnetic 
field drift compensation data are pulse sequences with- 
out diffuse read gradient in the imaging data acquisition 
pulse sequence, and corresponding read gradient and 
phase gradient after a 180 0 RF puise. 
[0035] In the MRI apparatus in accordance with the 
fifteenth aspect of the present invention, the data acqui- 
sition method of the fifth aspect for compensating for 
magnetic field drift may be preferably implemented. 
[0036] In accordance with a sixteenth aspect of the 
present invention, an MRI apparatus is provided, char- 
acterized in that it further comprises a means for con- 
trolling the current of primary field coil based on the com- 
pensation data for magnetic field drift gathered by the 
means for controlling compensation data acquisition for 
magnetic field drift, in the MRI apparatus of the arrange- 
ment as have been described above. 
[0037] In the MRI apparatus in accordance with the 
sixteenth aspect of the present invention, the compen- 
sation method for magnetic field drift in accordance with 
the sixth aspect mentioned above may be preferably im- 
plemented. 

[0038] In accordance with a seventeenth aspect of the 
present invention, an MRI apparatus is provided, char- 
acterized in that it further comprises a means for con- 
trolling excitation frequency for controlling the transmis- 
sion frequency based on the compensation data for 
magnetic field drift gathered by the means for controlling 
compensation data acquisition for magnetic field drift, in 
the MRI apparatus of the arrangement as have been de- 
scribed above. 

[0039] In the MRI apparatus in accordance with the 
seventeenth aspect of the present invention, the com- 
pensation method of magnetic field drift in accordance 
with the seventh aspect mentioned above may be pref- 
erably implemented. 

[0040] In accordance with an eighteenth aspect of the 
present invention, an MRI apparatus is provided, char- 
acterized in that it further comprises a means for con- 
trolling resonance frequency for controlling the trans- 
mission frequency and reception frequency based on 
the compensation data for magnetic field drift gathered 
by the means for controlling compensation data acqui- 
sition for magnetic field drift as mentioned above. 
[0041] In the MRI apparatus in accordance with the 
eighteenth aspect of the present invention, the compen- 
sation method of magnetic field drift in accordance with 
the eighth aspect of the present invention may be pref- 
erably implemented. 

[0042] In accordance with a nineteenth aspect of the 
present invention, an MRI apparatus is provided, char- 
acterized in that it further comprises a phase controller 
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means for controlling the transmission phase or recep- 
tion phase based on the compensation data for magnet- 
ic field drift gathered by the means for controlling com- 
pensation data acquisition for magnetic field drift in the 
MRI apparatus of the arrangement as mentioned above, s 
[0043] In the MRI apparatus in accordance with the 
nineteenth aspect of the present invention, the compen- 
sation method of magnetic field drift in accordance with 
the ninth aspect of the present invention as mentioned 
above may be preferably implemented. 
[0044] In accordance with a twentieth aspect of the 
present invention, a method for compensating for mag- 
netic field drift is provided, characterized in that it further 
comprises a means for operating phase compensation 
for performing the operation of phase compensation on 
the imaging data based on the compensation data for 
magnetic field drift gathered by the means for controlling 
compensation data acquisition for magnetic field drift in 
the MRI apparatus of the arrangement as aforemen- 
tioned above. 

[0045] In the MRI apparatus in accordance with twen- 
tieth aspect of the present invention, the compensation 
method for magnetic field drift of the tenth aspect as 
have been described above may be preferably imple- 
mented. 

[0046] In accordance with the present invention, the 
method disclosed of acquiring compensation data for 
magnetic field drift, compensation method of magnetic 
field drift, and MRI apparatus may measure and com- 
pensate for the magnetic field drift during imaging data 
acquisition, allowing the precision of compensation to 
be improved. The overall scanning time may be short- 
ened since total number of pulse sequences for com- 
pensation data acquisition for magnetic field drift may 
be fewer than the repetitive number of imaging data ac- 
quisition pulse sequences. 

[0047] Further objects and advantages of the present 
invention will be apparent from the following description 
of the preferred embodiments of the invention as illus- 
trated in the accompanying drawings, in which: 

Fig. 1 is a schematic block diagram of an MRI ap- 
paratus in accordance with one preferred embodi- 
ment of the invention. 

Fig. 2 is a flow diagram of data acquisition process 
according to the MRI apparatus shown in Fig. 1 . 

Fig. 3 is an example of pulse sequences in the data 
acquisition process according to the MRI apparatus 
shown in Fig. 1 . 

Fig. 4 is another example of pulse sequences in the 
data acquisition process according to the MRI ap- 
paratus shown in Fig. 1 . 

Fig. 5 is still another example of pulse sequences 
in the data acquisition process according to the MRI 



apparatus shown in Fig. 1 . 

[0048] A detailed description of some of preferred em- 
bodiments, shown in the drawings, embodying the 
present invention will now be given referring to the ac- 
companying drawings, herein below. Fig. 1 is a sche- 
matic block diagram of an MRI apparatus 1 00 in accord- 
ance with one preferred embodiment of the invention. 
[0049] In this MRI apparatus 1 00, a magnet assembly 
1 has a central lumen (bore) for inserting the subject to 
be examined therein, and the assembly also has a pri- 
mary field coil 1 p for applying primary magnetic field of 
constant strength to the subject, a gradient field coil 1 g 
for generating gradient field in the slice axis, read axis, 
and phase axis, a transmitter coil 1 1 for applying RF puls- 
es for exciting atomic spins within the subject, and a re- 
ceiver coil 1 r for detecting NMR signals originated from 
the subject, surrounding the bore. The primary field coil 
1p, gradient field coil 1g, transmitter coil 1t, and receiver 
coil 1 r are connected respectively to a primary field pow- 
er supply 2, a gradient field driver circuit 3, an RF power 
amplifier 4, and a preamplifier 5. 
[0050] Permanent magnets may be used in place of 
the primary field coil 1p. 

[0051] A sequence memory 6 drives the gradient field 
driver circuit 3 based on the pulse sequence stored 
therein under the instruction from a computer 7 to cause 
the gradient field coil 1 g of the magnet assembly 1 to 
generate gradient fieid. The sequence memory 6 also 
drives a gate modulator circuit 8 to modulate the carrier 
output signal of an RF oscillator circuit 9 into pulse sig- 
nals with a predetermined form of envelopes and pre- 
determined timings to apply it as RF pulses to the RF 
power amplified. The RF pulses will be power amplified 
in the RF power amplifier 4, applied to the transmitter 
coil 1t of the magnet assembly 1 to selectively excite a 
desired slice area. 

[0052] The preamplifier 5 will amplify the NMR signals 
from the subject detected by the receiver coil 1r of the 
magnet assembly 1 prior to input to a phase detector 
10. The phase detector 10 will phase detect the NMR 
signals via the preamplifier 5 by referring to the carrier 
output signals generated by the RF oscillator circuit 9 
and then pass the signal to an A/D converter 1 1 . The A/ 
D converter 11 will analog-to-digital convert the phase 
detected analog signals into digital signals to be fed to 
the computer 7. 

[0053] The computer 7 will read data from the A/D 
converter 11 to operate for image reconstruction there- 
on to generate an image of the desired slice area. This 
image will be displayed on a display 13. The computer 
7 will also control the entire system such as accepting 
information input from a console 12. 
[0054] Fig. 2 is a flow diagram illustrating the data ac- 
quisition in the MRI apparatus 100. Here N > M £ 2, 
where: N is the number of repetition of pulse sequences 
for gathering imaging data, and M is the total number of 
repetition of pulse sequences for gathering data for 
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magnetic field compensation. 

[0055] In step S1 of Fig. 2, imaging data acquisition 

counter I will be cleared to be initialized to 'V. 

[0056] In step S2, compensation data acquisition 

counter for magnetic field drift D will be cleared to be 

initialized to T. 

[0057] In step S3, Tth imaging data will be gathered 
by using imaging data acquisition pulse sequences. 
[0058] In step S4, if I = D • N / M is true then the proc- 
ess proceeds to step S5, if false then the process pro- 
ceeds to step S7. 

[0059] In step S5, 'D'th compensation data for mag- 
netic field drift will be gathered by using the pulse se- 
quences of compensation data acquisition for magnetic 
field drift. 

[0060] In step S6, the compensation data acquisition 
counter for magnetic field drift D will be incremented by 
'1 and the process proceeds to step S7. 
[0061] In the steps S3 to S6 above, assuming that N 
= 256 and M = 128, one pulse sequence of compensa- 
tion data acquisition for magnetic field drift will be insert- 
ed after I = 2, 4, 6, .. . and so on, i.e., for each two imaging 
data acquisition pulse sequences. 
[0062] In step S7, if I = N is true then the process ter- 
minates, otherwise, if not, the process proceeds to step 
S8. 

[0063] In step S8, the imaging data acquisition coun- 
ter I will be incremented by *1 ' and the process goes back 
to the step S3. 

[0064] Fig. 3 is an exemplary pulse sequences in the 
data acquisition* process as have been described above. 
[0065] In the pulse sequences shown , pulse sequenc- 
es of gradient echo mode will be used for. the imaging 
data acquisition pulse sequences Im. 
[0066] Also, for the pulse sequences of data acquisi- 
tion for magnetic field drift compensation Md, pulse se- 
quences used are without read gradient (leading half- 
way of 'rd' and 'rr 1 ) for converging the gradient echoes 
(echo 1, echo 2) in the imaging data acquisition pulse 
sequences Im, and phase gradient ('pe' and 'pr 1 ). Com- 
pensation data for magnetic field drift can be acquired 
from within FID signals. 

[0067] By evenly distributing the integral gradient in 
respective axis, the integral of gradient field ("rd 1 , 'rr*) in 
the imaging data acquisition pulse sequences Im will be 
equal to the integral of gradient field (W) of the pulse 
sequences of data acquisition for magnetic field drift 
compensation Md. In addition, no gradient field is ap- 
plied to the phase axis in the pulse sequences of data 
acquisition for magnetic field drift compensation Md, be- 
cause the integral of gradient field ('pe\ 'pr 1 ) in the im- 
aging data acquisition pulse sequences Im becomes '0'. 
[0068] Fig. 4 is another example of pulse sequences 
in the data acquisition process as have been described 
above. 

[0069] In those pulse sequences, spinning echo 
mode pulse sequences are used for the imaging data 
acquisition pulse sequences Im. 



[0070] For the pulse sequences of data acquisition for 
magnetic field drift compensation Md, pulse sequences 
used are without the diffuse read gradient ('rd') between 
a 90 ° RF pulse R and a 1 80 ° RF pulse P in the imaging 

5 data acquisition pulse sequences Im, and the read gra- 
dient (leading half of 'rr 1 ) and phase gradient ('pe') cor- 
responding thereto after the 1 80 0 RF pulse P. Data for 
magnetic field drift compensation can be acquired from 
within the spin_echo signals. 

w [0071] Fig. 5 is still another example of pulse se- 
quences in the data acquisition process as have been 
described above. 

[0072] In this example of pulse sequences, pulse se- 
quences of high-speed spin echo mode are used for the 

is imaging data acquisition pulse sequences Im. 

[0073] Forthe pulse sequences of data acquisition for 
magnetic field drift compensation Md, diffuse read gra- 
dient (trailing half of 'rd' and 'rr 1 ) between a 90 ° pulse R 
and a 180 ° RF pulse P and between a 180 ° pulse P 

20 and another 180 0 pulse P in the imaging data acquisi- 
tion pulse sequences Im, as. well as the read gradient 
(leading half of 'rr*) and phase gradient ('pe') corre- 
sponding thereto after the 180 ° RF pulse P. Data for 
magnetic field drift compensation can be acquired from 

25 within the first spin_echo signal. 

[0074] By evenly distributing the integral gradient in 
respective axis, the integral of gradient field ('rd', 'rr 1 ) in 
the imaging data acquisition pulse sequences Im will be 
equal to the integral of gradient field ('rh') of the pulse 

30 sequences of data acquisition for magnetic field drift 
compensation Md. In addition, no gradient field is ap- 
plied to the phase axis in the pulse sequences of data 
acquisition for magnetic field drift compensation Md, be- 
cause the integral of gradient field ('pe', 'pr 1 ) in the im- 

35 aging data acquisition pulse sequences Im becomes '0\ 
[0075] When applying slice encoding to the slice axis 
* in the pulse sequences shown in Fig. 5, pulse sequenc- 
es will be 3D. 

[0076] The aforementioned MRI apparatus 100 may 
compensate magnetic field drift after acquiring compen- 
sation data for magnetic field drift during the data acqui- 
sition process described above, in either of the follow- 
ings: 

45 (1 ) by controlling the current flowing through the pri- 
mary field coil 1 p based on the compensation data 
for magnetic field drift, 

(2) by controlling the transmitting frequency of the 
so rf oscillator, circuit 9 based on the compensation 

data for magnetic field drift, 

(3) by controlling the transmitting frequency and re- 
ceiving frequency of the RF oscillator circuit 9 based 

55 • on the compensation data for magnetic field drift, 

(4) by controlling the transmitting phase in the gate 
modulator circuit 8 or the receiving phase in the 
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phase detector 1 0 based on the compensation data 
for magnetic field drift, or 

(5) by operating the phase compensation on the im- 
aging data in the computer 7, based on the com- 
pensation data for magnetic field drift. 

[0077] In accordance with the MR I apparatus 1 00 dis- 
closed herein, magnetic field drift may be measured and 
compensated for during acquisition of imaging data, al- 
lowing the compensation to be more accurate than the 
compensation by separate and independent acquisition 
of compensation data for magnetic field drift apart from 
the imaging data. Furthermore, overall scanning time 
may be shortened when comparing with the addition of 
a pulse sequence for compensation data for magnetic 
field drift for each imaging data acquisition pulse se- 
quence. 



Claims 

1. A data acquisition method of magnetic field drift 
compensation comprising the steps of: 

N > M > 2, 

where: 

N is the number of repetition of pulse sequenc- 
es for gathering imaging data, 
M is the total number of repetition of pulse se- 
quences for gathering data for magnetic field 
compensation; and 

acquiring data for magnetic field compensation 
by interposing at least one or more pulse se- 
quences for gathering data for magnetic field 
drift compensation between two pulse se- 
quences for gathering imaging data. 

2. The data acquisition method of magnetic field drift 
compensation of claim 1, wherein the integral of 
gradient field in said imaging data acquisition pulse 
sequence is equal to the integral of gradient field in 
said pulse sequence for data acquisition of com- 
pensation for drift in magnetic field, for each of axis 
in order to hold the steady state of spins. 

3. The data acquisition method of magnetic field drift 
compensation of claim 1 , wherein said imaging data 
acquisition pulse sequences are pulse sequences 
of the gradient echo method having read gradient 
for convergence of gradient echo , and said data ac- 
quisition pulse sequences of magnetic field drift 
compensation are pulse sequences without read 
gradient and phased gradient for convergence of 
gradient echo during imaging data acquisition pulse 



sequences. 

4. A method of magnetic field drift compensation, 
comprising the step of: 

5 adjusting the current of primary field coil 

based on said compensation data for magnetic field 
drift gathered in accordance with said data acquisi- 
tion method of magnetic field drift compensation of 
claim 1 . 

10 

5. A method of magnetic field drift compensation, 
comprising the step of: 

adjusting the transmission frequency based 
on said compensation data for magnetic field drift 
f5 gathered in accordance with said data acquisition 
method of magnetic field drift compensation of 
claim 1 . 

6. A method of magnetic field drift compensation, 
20 comprising the step of: 

adjusting the transmission frequency and re- 
ception frequency based on said compensation da- 
ta for magnetic field drift gathered in accordance 
with said data acquisition method of magnetic field 
25 drift compensation of claim 1 . 

7. A method of magnetic field drift compensation, 
comprising the step of: 

adjusting the phase of transmission or the 
30 phase of reception based on said compensation da- 
ta for magnetic field drift gathered in accordance 
with said data acquisition method of magnetic field 
drift compensation of claim 1 . 

35 8. A method of magnetic field drift compensation, 
comprising the step of: 

carrying out phase compensating operation 
on the imaging data, based on said compensation 
data for magnetic field drift gathered by said data 
40 acquisition method of magnetic field drift compen- 
sation of claim 1 . 

9. An MRI apparatus, comprising: 

45 an RF pulse transmitter device; 

a gradient pulse applicator device; 
an NMR signal receiver device; 
a device for controlling imaging data acquisition 
for acquiring imaging data by controlling each 
so of the device; and 

a device for controlling compensation data ac- 
quisition for magnetic field drift for acquiring 
magnetic field drift compensation data by con- 
trolling each of the device; 
55 wherein 

said device for controlling compensation data 
acquisition for magnetic field drift is character- 
ized by 



35 8. 
40 

9. 

45 
50 
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N > M 2r 2, 

where: 

5 

N is the number of repetition of pulse sequenc- 
es for gathering imaging data, and 
M is the total number of repetition of pulse se- 
quences for gathering data for magnetic field 
compensation; and 

acquiring data for magnetic field compensation 
by interposing at least one or more pulse se- 
quences for gathering data for magnetic field 
drift compensation between two pulse se- 
quences for gathering imaging data. 

10. The MRI apparatus of claim 9, wherein said device 
for controlling data acquisition of magnetic field drift 
compensation may make the integral amount of 
gradient field in said imaging data acquisition pulse 20 
sequence equal to the integration of gradient field 
in said pulse sequence for data acquisition of com- 
pensation for drift in magnetic field. 

25 
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